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Fig. 1. Location of the study area (north-northwest Khoy) in Iran
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Table 1. Maximum concentrations of heavy metals in drinking water (EPA, WHO and national standards) (EPA, 1999;
Esmaili Sari, 2001; WHO, 2006; Kar Amoz and Kerachiyan, 2007).

Element | national standard (mg/l) | EPA(mg/l) | WHO( mg/l)
Fe 1 0.3 0.3
Mg 150 50 50
Cu 1 1.3 1
Zn 15 5 3
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1. Global Positioning System

2. Standard Methods for the Examination of Water and Wastewater
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Table 2. The concentrations of heavy metals in water samples from the plain Zurabad (concentrations are in ppm)

Location Type of sampling Zn Cu Mg Fe Y X
Gerdik Water fountain 2.5 1.04 260 0.8 4282402 472561
Galavans dam Agueduct 1.98 0.9 283 1 4286131 473672
Galavans Water fountain 15 1 303 1.1 4284280 474815
Galavans Water fountain of dam  1.22 1.09 275 1.1 4286033 473132
Galdour Piezometer 2.8 0.42 1.3 18 4290280 469178
Ghinar Bala Agueduct 1.51 1.06 83 1.1 4291742 468244
Ghinar Bala Piezometer 0.92 0.98 215 1.2 4291278 467554
Ghinar Bala Well in operation 0.87 0.55 130 1 4291348 468389
Ghinar Pain Piezometer 1.6 1 301 24 4293299 380155
Ghinar Pain Aqueduct 0.92 1 155 0.92 4292571 467772
Mamash Khan Water fountain 1.6 1.1 196 0.67 4289568 380807
Mamash Khan Piezometer 1.3 0.7 121 3.2 4289915 379895
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Fig. 2. Geological map of Khoy and Zourabad (based on the Khoy geological sheet 1:100,000; Radfar et al., 2005)
along with water sampling points
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Table 3. Concentration of some metals in water samples investigated in northern plain of Khoy (concentrations are in
ppm)

Location Type of sampling Zn Cu Mg Fe Y X
Agri Bojagh Piezometer 0.5 1.1 336 183 4276762 498467
Agri Bojagh Well in operation 0.7 1 320 1.1 4277668 497748
Agri Bojagh Well in operation 0.7 1 341 0.03 4278016 497038
Ghiz Ghale Piezometer 2.8 0.9 587 27 4277441 499301
Ghiz Ghale Well in operation 2.4 1.02 283 1.1 4277855 488904
Ghiz Ghale Well in operation 3.2 10.2 658 0.9 4278280 499048
Sarab Piezometer 0.47 0.9 309 36 4273043 498652
Kesht Zar Piezometer 2.4 1.1 633 17 4271955 499764
Kesht Zar Well in operation 1.2 1.06 298 1.1 4271117 500433
Dizaj Khan Well in operation 0.74 0.96 280 1.2 4273559 496220
Dizaj Khan Piezometer 2.38 1.1 169 109 4274599 497955
Dizaj Khan Aqueduct 0.9 0.94 193 1.2 4275842 495722
Parchi Well in operation 0.96 1.05 63 2.5 4273613 498627
Parchi Piezometer 1.36 0.58 605 41 4272112 498271
Town hall of Khoy Well in operation 0.44 1 245 1.2 4267112 478808
Khoy Piezometer 1.9 1.03 563 0.9 4267357 495892
Badal Abad Piezometer 1.08 0.81 242 58 4270146 496273
Badal Abad Well in operation 0.87 0.86 1030 1.1 4271650 495877
Gherekh Yashar Aqueduct 1.3 0.64 190 1.1 4271674 493385
Ag“cg'itr‘;rrg'g'ha”d of Piezometer 1.5 1.05 1463 05 4270920 487837
Output in Firoragh Piezometer 0.86 0.9 277 116 4271290 485365
Entrance of Firoragh Piezometer 0.98 0.98 342 15 4269609 486613
Pir Mousa Well in operation 0.6 0.9 213 1.2 4270289 489313
Pir Mousa Piezometer 0.68 0.96 221 36 4269351 490625
Yengeja Piezometer 0.92 0.74 1668 1.1 4272475 485974
Yaroum Ghiah Well in operation 0.78 1.2 616 1.2 4268692 490330
Yaroum Ghiah Piezometer 0.42 1 603 59 4268693 489524
Dizaj Water fountain 0.95 1.03 248 2.4 4275141 481702
Gheshlagh Water fountain 0.23 1.04 57 1 4276008 483392
Gheshlagh Aqueduct 0.95 1 305 1 4275133 483028
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Fig. 3. Logarithmic plot of iron, magnesium, zinc, and copper in the north Khoy (in ppm) (p: piezometric well, A:
agriculture well, Q: Aqueduct, and S: water fountain)
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Fig. 4. Logarithmic plot of the concentrations of iron, magnesium, copper, and zinc in the northwest Khoy (Zourabad

area) (in ppm)
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Fig. 5. Concentration diagram of iron in the north Khoy (in ppm)
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Fig. 7. Concentration diagram of iron in the northwest Khoy (Zourabad area) (in ppb)
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Introduction

Heavy metals are the most toxic pollutants in
aquatic ecosystems. This contamination can result
from the release of heavy metal elements during
alteration and weathering of ultramafic and mafic
rocks (ophiolite zones). Among the important
metals and pollutants in the ophiolite; chromium,
cobalt, nickel, iron, magnesium, manganese, zinc
and copper could be noted. Basically, a mass of
serpentine consists of serpentine, amphibole, talc,
chlorite, magnetite, and the remainder of olivine,
pyroxene and spinel (Kil et al., 2010). In such
areas, the prevailing cold climate, during the
serpentinization, chloritization and epidotiization,
the activity of the solvent, such as chloride,
fluoride, carbonates, sulfide, sulfosalt would be
able to import the elements such as magnesium
and iron, copper and zinc into the soil and
groundwater. The study area is located in
northwestern Iran. This area is located in the
northwest of the city of Khoy.

Because of the proximity to the north and
northwest Khoy plains with ophiolite rocks, the
soil of this region could possibly show the
potential of contamination with heavy metals. Due
to the toxicity and disease of unauthorized grades
of these elements in groundwater in the study
area, this study is focused on the more
contaminated groundwater of the areas.

Materials and methods

In this study, over a period of 5 days, sampling
from 42 water sources, including fountains,
aqueducts, wells, piezometers and wells in
operation, was performed. The container was
washed with acid and then rinsed 3 times with the
water sample. The pH and temperature of the

*Corresponding authors Email: a.fazlnia@urmia.ac.ir

water in the samples was measured in the field.
Then to each of the samples was taken from 2 to 5
ml of concentrated nitric acid (This causes that the
metal elements would not adsorbed or precipitated
by these particles) and pH of the samples was
measured with litmus paper to reach level 2. This
was done to ensure the consolidation of the water
samples. Analysis of samples carried out in the
chemistry laboratory of the University of Urmia.
All water sampling procedures were performed
based on standard protocols (SMEWW, 2010).
The maximum concentration of heavy metal
contamination of drinking water with EPA, WHO
and national standards were compared. In this
study, the chemical analysis of heavy metals, were
used by graphite furnace atomic absorption
spectrometry (at ppb) for the elements Cu, Mg, Fe
and Zn. Concentration of the heavy metals in
acidified water samples (pH value of 2), using a
flame atomic absorption spectrophotometer were
analyzed.

Discussion

There are enormous amounts of Fe and
magnesium in groundwater from the north and
northwest Khoy plain, and the amount of Cu and
zinc are in the normal range in water resources.
The source of iron and magnesium in the
groundwater of the study area is ultramafic and
mafic rocks of the Khoy ophiolite complex.
Weathering of ultramafic and mafic igneous rocks
such as peridotite, olivine basalt, gabbro and
pillow lava and then soil formation, high
concentrations of the elements Mg and Fe were
transferred to soil. Ferromagnesian olivine is
formed Mg®* and Fe** ions and tetrahedral silicon.
If sufficient amount of Mg® and Fe** ions
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combine with silicon and oxygen, silicon into the
soil, forms silicic acid (H4SiO,), or magnesium or
iron smectite (clay minerals) (Alexander et al.,
2007). Several types of pyroxene are more stable
than olivine. Orthopyroxene during weathering
decompose into talc and smectite. Magnesite
(MgCOg) is present in some serpentine soils.

With respect to the empirical relationship
(Kierczak et al., 2007) and based on temperature
and rainfall, the study area with a drought index
of 12.48 places in the category of semi-arid-cold
climate between 10 and 19.9. Temperature
changes in the condition cause weathering and
leaching of serpentine soils, and subsequently can
remove large amounts of magnesium. Weathering
and leaching  serpentine  soils, releases
immediately magnesium and its concentration in
soil decreases. As a result, the concentration of
the element in the water increases.

Results

Based on the charts and maps of iron, magnesium,
zinc and copper contaminations, it is found that
the concentrations of Fe and Mg in the north and
northwest Khoy plain are higher than the
permissible limit for drinking water. In some parts
of the sample, the concentrations of Cu and Zn are
exceeded WHO. However, based on EPA
standard, the amount of copper is less than the
limit. On the basis of three criteria: EPA, WHO
and national standards, except for the village
Ghez Ghaleh, zinc concentration is below the
standard. According to the geological map of

Khoy, the Khoy ophiolite complex containing
mafic rocks and ultramafic is a source of iron and
magnesium in groundwater.
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